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Abstract-Recent theoretical results concerning the effect of shear on scaling laws in turbulence 
are discussed. DNS data for a turbulent channel flow and a homogeneous shear flow are used to 
investigate the statistical properties of turbulent fluctuations. As expected, the shear increases the 
level of intermittency of velocity increments. Instead, the statistical properties of the dissipation field 
remain similar to those of homogeneous isotropic turbulence. In fact, the increase of intermittency 
is found to be associated with the failure of the refined Kolmogorov similarity and the establishment 
of a new similarity law accounting for the prevailing role of the energy production related to the 
Reynolds stresses in mean shear. The relevance of these findings for eddy viscosity closures in LES 
of shear dominated flows is briefly outlined. @ 2003 Elsevier Ltd. All rights reserved. 
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1. INTRODUCTION 
In the last 20 years, direct numerical simulation (DNS) has played a growing role in understanding 
the basic features of turbulent flows. Simulations involving a large number of grid points (up 
to 5123 or even 10243) can now be considered state of art in DNS, at least for 3D homogeneous 
and isotropic turbulence. Nevertheless, the typical Reynolds number (Re) which can be achieved 
by DNS is still too low to observe those statistical features of fully developed turbulence which 
are believed to be universal, i.e., independent on Re. On the other hand, DNS has enabled a 
systematic investigation of the detailed dynamics of coherent structures, and many interesting 
properties have been predicted by DNS. The complex behavior of hairpin vortices in turbulent 
channel flows, as well as the unexpected stability of coherent vortices in 2D turbulence, represent 
a clear success of DNS as an important tool for the study of turbulence. 
An important point of DNS is the possibility to test theoretical ideas by suitable change of 
boundary conditions and/or forcing mechanism. In this paper, we want to exploit such a possibil- 
ity in order to investigate statistical properties of intermittency in strong shear flow turbulence. 
In particular, we want to understand how the statistical features of the flow change with respect 
to homogeneous isotropic conditions for the large scale anisotropy introduced by the strong shear. 
Strong shear conditions usually occur in near wall turbulence and, to our knowledge, a systematic 
study of the statistical features of intermittency has not yet been performed. In order to point 
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out the effect of the shear, we will compare our findings in near wall turbulence with the case of 
homogeneous shear flow. Such a flow, which is hardly achieved in laboratory experiments, can 
be simulated numerically with high accuracy. 
The main result of this paper is that a new form of intermittency is induced by strong shear. 
We have been able to develop a simple phenomenological theory to quantitatively predict the level 
of intermittency and its connection with the shear strength. The comparison between DNS data 
of turbulent channel flow and DNS data of homogeneous shear allows us to claim the statistical 
features of near wall turbulence to be essentially dependent on the shear strength and only 
weakly on the presence of the no-slip conditions. Our study enables us to draw a unified picture 
of intermittency in shear flow turbulence which is consistent with most of the experimental and 
numerical results found in the literature. 
We organize the paper in the following way. In Section 2, we introduce the basic concepts 
we need in order to quantitatively define intermittency in turbulent flows. Section 2 introduces 
also the theoretical considerations regarding intermittency in strong shear flow conditions. In 
Section 3, we report the relevant properties of the DNS data sets used in the present analysis 
and we describe the main features of the two flows under investigation. In Section 4, we discuss 
the numerical findings and compare our results against the predictions pointed out in Section 2. 
In Section 5, we draw some conclusions and discuss future work. 
2. BASIC CONCEPTS ON 
INTERMITTENCY AND SCALING LAWS 
This section is devoted to a review of recent theoretical and phenomenological ideas concerning 
intermittency in homogeneous and isotropic turbulence and in strong shear flow. 
There are many ways to define intermittency in turbulent flows. Basically, intermittency is 
associated to strong non-Gaussian fluctuations of velocity differences and energy dissipation. 
To be more quantitative, let us consider a quantity Q(r) which depends on the scale r. For 
instance, Q(r) could be the velocity difference W(r) = V(z + r) - V(z), or the mean rate of 
energy dissipation in a box of size r, 
Since Q(r) is a fluctuating quantity in a turbulent flow, one is usually interested in describing 
the probability distribution P,.(Q) of Q(r). F or instance, one can study the r-dependency of the 
nondimensional quantity, i.e., the flatness, 
(2) 
Intermittency is associated to the fact that P,.(Q) is scale dependent and F(r) --) co for r -+ 0 
and Re -+ 00. This is what is indeed observed in all turbulent flows. 
There is strong evidence that at large Reynolds number, Q(r) displays a scaling law behavior, 
i.e., 
(Qp(r)) o( racp). (3) 
The exponent a(p) should be a nonlinear convex function of p if intermittency is observed. By 
using equation (3) in equation (2) we obtain 
F(r) c( r (r(4)-2u(2) , (4) 
and because of the convexity of a(p), it follows F(r) -+ co for r --+ 0. 
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The exponents o(p) are called anomalous because they cannot be deduced by a simple dimen- 
sional analysis, at variance with the Kolmogorov theory (K41) which predicts o(p) = crop with 
a0 = l/3 for the velocity difference and a0 = 0 for the energy dissipation. 
In the framework of DNS, it is reasonable and easy to observe an increase of F(r) at small T. 
It is, however, much more difficult to estimate the anomalous scaling exponents o(p). The main 
reason is the relatively low Reynolds number which can be achieved by present computer power. 
In the last ten years, such a difficulty has been successfully overcome by the key observation that 
scaling in separation (3) is not the most general form of scaling in turbulence. Let us introduce 
the scaling relation 
(Qp(r)) 0: (Q”(T))~‘~,“’ . (5) 
The crucial point is that scaling (5) could be observed even if scaling (3) does not hold. From a 
theoretical point of view one can show that there exist random fields for which (3) fails while (5) 
is exactly true. Note also that by using (5) we obtain 
F(r) 0: (Q’(T))‘(~‘~)-~ . 
Since P(p,m) is a convex function of p for a fixed m, ,f3(2,2) = 1 and Q(T) + 0 for r -+ 0, we 
again obtain that F(r) --f 00 for r -+ 0. Scaling (5) has been named ESS by Benzi et al. [l] who 
first made a systematic study of the problem. 
In the case of velocity difference, the quantity (QP(r)) = (6VP(r)) is called structure functions 
and hereafter denoted by Sp(r). In homogeneous isotropic turbulence at large Reynolds number, 
it is known that Ss(r) satisfies the Kolmogorov four-fifths equation 
4 
&(r) = --cr. 
5 (7) 
Hence, the scaling exponents of S,, here denoted c(p) instead of a(p), must satisfy the constraint 
C(3) = 1, and equation (3) now reads S, cc r c(P). By using (7), it is useful to write (5) in the 
form 
(8) 
Direct experimental estimates of p(p, 3) at large Reynolds numbers show that p(p, 3) = C(p)/<(3) 
z C(p) = c(p) because of (7). As it stands, equation (8) is a simple consequence of the scaling 
laws of fully developed turbulence. However, this generalized form has been found to hold also 
in low Reynolds number turbulence and can be used to estimate the anomalous exponents from 
DNS data. 
ESS enables us to study also, by using DNS, an important relation in turbulence flows, namely 
the refined Kolmogorov similarity hypothesis (RKSH), which, on phenomenological grounds, 
states that the scaling relation (7) can be generalized to 
S,(r) 0: ( cf!13) rp/3. 
Equation (9) was introduced by Kolmogorov in 1962 and can be considered the theoretical basis 
of most eddy viscosity parameterization in turbulence. By using (9) we can deduce that 
SV3(r) 0: err, (10) 
in the inertial range where the symbol 0: stands for statistical equivalence. Equation (9) can be 
readily generalized in its ESS form [2] which is 
(11) 
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Equations (9) and (11) imply that the scaling exponents T(P) of E,.((&~) 0: .rT@‘)) are related to 
those of the structure functions by 
G3P) = T(P) +P! (12) 
while the intermittency of the flow measured by the flatness of the velocity increments 
may be estimated in terms of the statistical properties of the dissipation field as 
(13) 
In DNS as well as in laboratory experiments, equation (11) has been checked to be satisfied with 
very high accuracy. We remark that in DNS E, is computed by using the full three-dimensional 
velocity gradients, while in most laboratory experiments it is computed by its one-dimensional 
surrogate and by assuming the Taylor hypothesis. 
Up to now, we have discussed how we can extract quantitative information on intermittency 
in homogeneous and isotropic turbulence even at low Reynolds number. In this case the results 
obtained in the last ten years point out that the anomalous exponent l(p) s C(p)/<(3) are 
Re-independent at least for all available numerical and experimental data sets. 
However, turbulence is in most cases neither homogeneous nor isotropic and one may wonder 
whether in such conditions the characteristic features of intermittency are universal. An impor- 
tant case we want to discuss in this paper is that of nonisotropic turbulence induced by large 
scale shear flow. 
Let us define by S the mean shear perpendicular to a homogeneous mean flow. S may be a 
function of space, like in a turbulent channel flow. Because of the shear we should expect that a 
new term, proportional to S6V2(r), enters the estimate of energy flux. If this new term becomes 
dominant we should modify equation (10) to the form 
S6V2(r) cc A(r)c,-, (15) 
where A(r) is still an unknown function of r. By using (15), we have deduced in a previous 
paper [31 
( > cy2 sP/2 
sp K (c)P/2 2 ’ (16) 
which is a new form of refined Kolmogorov similarity hypothesis. Equation (16) should hold 
whenever SV3(r)/r < SSV2(r), that is, by using the Kolmogorov theory, for r > L,, where 
is the shear length scale. Moreover, equation (16) implies that for r > L, the flatness is expressed 
in terms of the statistical properties of the dissipation field as 
(ET2) F(r) = 3 (42 ? (18) 
which provides a different estimate of intermittency with respect to equation (14). 
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Let us make a rough estimate of the shear scale &, when approaching the wall. Within the 
logarithmic layer by denoting by y+ the distance from the wall expressed in wall units, we have 
5 0: l/y+ and S cx l/y+, that is, 
L, 0; y+. (19) 
Hence, we may expect that at even smaller distance from the wall, i.e., in the buffer layer, L, be- 
comes of the same order of magnitude of the dissipation scale and the new refined Kolmogorov. 
equation (16), should be observed for all T. 
The. theory presented in equations (15)-(19) is based on the phenomenological idea that a 
strong shear introduces a time scale l/S which could be smaller than the characteristic eddy 
turnover time r/&‘(r). A consequence of equation (16) is that the usual estimate for the eddy 
viscosity, UE 0: &V(A)A, does not hold for large 5’. It is therefore of crucial importance to 
understand whether (16) is observed for large enough S in homogeneous flows. 
3. DNS DATA: PHENOMENOLOGICAL ASPECTS 
We analyze here the phenomenological behavior in terms of coherent vertical structures and of 
some basic statistical features of two typical turbulent shear flows, namely a turbulent channel 
ilow and a homogeneous shear flow. In both cases, we have used for our analysis DNS data 
sets obtained in previous calculations and we do not discuss here technical details about these 
computations that can be found in [4] for the turbulent channel flow and in [5] for the homogeneous 
shear flow. For the sake of clarity, we summarize only the main global flow parameters of the 
two simulations. 
The turbulent channel flow dataset was obtained by solving the lattice Boltzmann equations on 
a massively parallel computer with SIMD architecture, to achieve the very long time integration 
required to correctly estimate the high-order statistics (e.g., structure functions) involved in the 
present analysis. The flow has been simulated in a box of size (27r, 2,~) in the streamwise, 
normal to wall, and spanwise directions, respectively. The resolution used is 256 x 128 x 128 grid 
points. The characteristic Reynolds number based on the friction velocity u, = m and the 
channel half width is Re, = 160 corresponding to a Reynolds number based on the center line 
velocity of Re,l = 3000. Time integration was carried out for 10,000 large eddy turnover times 
corresponding to approximately 100 intermittency cycles, see Figure 1, allowing a good resolution 
for the successive statistical analysis of the flow. 
.2.6 
2.4 
2.2 
r3 
2 
1.8 
1.6 
2000 4000 8000 10000 
Figure 1. Time history of the wall shear stress as a function of nondimensional time 
tUo/h. The signal presents a quasi-periodic dominated by the so-called intermittency 
cycle. The number of intermittency cycles is approximately 100. Their average time 
length is 2~ BOh/Uo. 
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The dataset of the homogeneous shear flow was obtained by solving directly the Navier-Stokes 
equations by using a classical pseudospectral method with the remeshing procedure proposed 
by Rogallo [6]. Hence, the llow is computed in a periodic box (4n, 27r, 27r) with a resolution of 
128 x 128 x 64 Fourier modes. The computation of the nonlinear term in physical space is fully 
dealiased by zero padding. The characteristic Reynolds number based on the Taylor scale is 
Rex = 65 while time integration was performed for 800 large eddy turnover times. 
As it is well known, wall-bounded turbulent flows are characterized by a large population of 
quasi-streamwise vortices. Figure 2 shows a visualization of such structures in the turbulent 
channel flow obtained through the invariants of the velocity gradient tensor [7]. The vortices are 
mainly aligned with the streamwise direction and are found in correspondence to the near wall 
region of the how. These structures are associated with the presence of a system of longitudinal 
low and high speed streaks, Figure 3. The streaks are explained in terms ofthe lift-up induced 
by the streamwise vortices in presence of the strong shear occurring in the near wall region. The 
instability of the streaks is presumably the leading mechanism in the regeneration cycle of the 
vertical structures which in turn induces the intermittency cycle of the wall shear stress. Actually. 
as shown by the mean velocity profile, Figure 4, the near wall region is characterized by a strong 
mean shear and by a large production of turbulent kinetic energy via the Reynolds stresses. 
This last feature together with the large variation of the mean shear in the wall normal direction 
and with the suppression of the wall normal velocity fluctuations is at the origin of the nonuniform 
momentum flux across adjacent layers that characterizes this flow. We are going to come back 
later on this issue when considering the wall normal dependency of the shear scale and its influence 
on turbulent velocity fluctuations in shear dominated flows. 
From the phenomenological point of view, the homogeneous shear how is also characterized by 
a large population of quasi-streamwise vortices, but a corresponding system of well-defined and 
organized low and high speed streaks is not clearly evident in this case. 
Consequently, the regeneration cycle of vertical structures, as described by Kida and Tanaka [8], 
is quite different with respect to the one observed in wall turbulence. Apparently streamwise vor- 
tices are regenerated through a Kelvin-Helmholtz instability of spanwise vortex sheets which are 
essentially formed through a lift-up mechanism. The successive roll-up generates unstable span- 
wise vortices which, in presence of the mean shear, tend to align themselves with the streamwise 
direction. The formation and destruction of coherent vertical structures are associated with large 
fluctuations in the turbulent kinetic energy as shown in Figure 5. Through a lift-up mechanism. 
the vortices, Figure 6, generate the spanwise vortex sheets and produce the large fluctuations in 
the turbulent kinetic energy by enhancing the Reynolds stresses. Immediately after each burst, 
the vertical structures lose their original order, Figure 7, and correspondingly, the Reynolds 
stresses are weakened entailing the decrease of the turbulent kinetic energy. Afterwards, the 
mean shear aligns again the structures in the streamwise direction and a new cycle begins. Our 
results essentially confirm the dynamics described by Kida and Tanaka [8] for the early stages 
of the flow development. A more detailed discussion of the regeneration cycle in spectral space 
may be found, e.g., in [5] following previous findings discussed by Pumir [9]. 
Despite the important differences in the detailed dynamics of the coherent structures, wall 
bounded and homogeneous shear flows share the essential feature of a substantial production of 
turbulent kinetic energy associated with the presence of the mean shear. The homogeneous shear 
flow, in particular, may be regarded as ideal to analyze in well-controlled conditions the effect of 
the mean shear on the dynamics and the statistics of turbulence, thus avoiding the concurrent 
effects related to its spatial variation. 
Interestingly, only a few typical length scales and dimensionless parameters entirely charac- 
terize shear dominated flows. As anticipated in Section 2, the shear length (17) identifies two 
subranges within the inertial range. For separations L, < r < Le (with Lo the integral scale) the 
fluctuations due to the local shear bU = Sr are typically much larger than the turbulent fluctu- 
ations 6u cx c1f3r1/3. In this range of scales, the dynamics and statistics of the flow are expected 
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Figure 2. Vertical structures in the near wall region of a turbulent channel flow 
visualized by using the isosurfaces of the D invariant of the velocity gradient tensor. 
Y 
Figure 3. Low and high speed streaks in the near wall region of a turbulent channel 
flow. The isosurfaces of the streamwise velocity fluctuation are visualized. 
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Figure 4. Channel flow turbulence 
to be dominated by the production term S(W). For scale separations r] < r < L,, instead, 
since Su > 6U, the dynamics is dominated by nonlinear interactions not dissimilar to those of 
isotropic turbulence. Quantitatively, two dimensionless parameters measure the extension of the 
two ranges. The first [lo], 
s*q, (20) 
with q2 = (uiui), can be interpreted in terms of the ratio of the integral scale ld = q3/5 to the 
shear scale L, 
s*= +f 
( > 
2/3 
(21) 
s 
It follows that for large values of S*, most of the inertial scales are controlled by the local mean 
shear. The second parameter [ 111, 
v l/2 
s,*=s 7 , 
0 (22) 
can be interpreted in terms of the ratio of the Kolmogorov dissipative scale to the shear scale 
SE measures the separation between the shear and the dissipative scales, hence the extension of 
the subrange where a substantially isotropic behavior is recovered. 
Figure 5. Homogeneous shear flow: time history of the turbulent kinetic energy 
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Figure 6. Homogeneous shear flow: vertical structures just before the energy burst 
at St = 209 are visualized by using isosurfaces of the D invariant. 
X 
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Figure 7. Homogeneous shkar flow: vertical structures immediately after the energy 
burst at St = 221 are visualized by using isosurfaces of the D invariant. 
Typical values of these parameters, as found in the available experimental and numerical inves- 
tigations, are reported in the phase plane of Figure 8. In the figure, the scatter of the points gives 
reason for the large variety of behaviors observed in shear flows. The values of S* and St for the 
two datasets presently under investigation are reported in Table 1. Concerning the channel flow, 
in the logarithmic layer, the shear scale is close to the integral scale and, meanwhile, L, > 7. 
Hence, the entire range is dominated by the nonlinear inertial energy flux typical of isotropic 
turbulence. On the other hand, in the buffer region the shear scale is close to the dissipative 
scale and the entire range is dominated by the production term. In the homogeneous shear flow, 
instead, the shear scale falls approximately in the middle of the available range of scales and, in 
principle, for sufficient scale separations, we should observe different statistical behaviors in the 
two subranges r > L, and r < L,. 
4. DNS DATA: STATISTICAL PROPERTIES 
A quantitative measure of intermittency is provided by considering the probability distribution 
function of the velocity increments W(r) when different, scales are considered; see Section 2. 
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0 
Figure 8. Phase plane of nondimensional parameters. Turbulent boundary layer: 
[ll] (filled squares), DNS of turbulent channel flow [4] at y+ = 30 (diamond) and 
at y+ = 100 (open circle). Homogeneous shear flow: [12] (filled triangle), Tavoularis 
and Corrsin [13,14] (filled circle), Pumir [Q] (open triangle), present DNS [5] (cross). 
Table 1. Dimensionless parameters for the present turbulent channel and homoge- 
neous shear flows. 
30 
40 
100 
120 
150 
Horn. Shear 
1 
9.9 0.40 1.58 31 
7.6 0.3 2.4 21 
4 0.19 4.7 8 
3 0.17 5.9 5.4 
1 0.06 27 1 
7 0.14 18 18 
For wall turbulence, the pdfs at y+ = 30 and y+ = 150 are shown in Figure 9 which compares 
data for two separations, r+ = 18 and T+ = 160. The large scale behavior of W(T) (r+ = 150) is 
essentially Gaussian and no significant differences between the logarithmic region and the buffer 
layer are observed. As the scale separation is reduced, i.e., r+ = 18, in both cases the Gaussian 
behavior is lost. At this scale separation the pdf is characterized by a relatively larger probability 
of intense events as indicated by the tails of the pdf which, especially in the buffer layer, shows 
a much slower decay. 
The analogous results for the homogeneous shear flow are given in Figure 10. Again, the 
statistical behavior at large scale is essentially Gaussian while as the scale separation is reduced 
the departure from normality is apparent. For this case, we have compared in the figure the 
pdf in homogeneous shear and in homogeneous isotropic turbulence. A comparison with the 
previous Figure 9 shows the similar behavior of the log-region in wall turbulence and of isotropic 
turbulence. The homogeneous shear resembles, instead, the buffer layer of the turbulent channel 
flow. A quantitative estimate is provided by evaluating the level of intermittency in terms of the 
flatness, equation (13). In Figure 11, we have plotted this quantity as a function of separation in 
the turbulent channel flow for two wall-normal distances. As the separation vanishes the flatness 
increases as expected for an intermittent field. This feature, however, is by far more evident 
in the buffer region than in the log-layer, plots on the left. The right part of figure compares 
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Figure 9. Channel flow turbulence: pdf of the velocity increments for different sepa- 
rations (left T + = 18, right T+ = 160) at y+ = 151, near the center of the channel, 
and at y+ = 31, in the wall region of the flow. 
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* h.1. 
rlrj=30 
/  
I  I  I  I  I  1 
-15 -10 -5 " 10 15 
6 u/<60"2>'n5 
(a)~/q=B. (b) r/q = 30. 
Figure 10. Pdf of W(r) in homogeneous shear flow (open circles) and in homogeneous 
isotropic turbulence (filled circles). 
homogeneous shear and homogeneous and isotropic turbulence. Again, in presence of shear, the 
level of intermittency is substantially increased. This suggests that an intermittency of a different 
nature is originated by the shear. In order to provide evidence of this statement we have checked 
the validity of the classical RKSH, equation (ll), and of the new similarity law, equation (16), 
against the present DNS data. 
As already discussed in [3] and [5], the classical RKSH holds in the whole range of resolved 
scales in the bulk region and, obviously, in homogeneous and isotropic turbulence. The failure 
of the classical RKSH, equation (ll), is apparent in Figure 12, for the data taken in the buffer 
(filled symbols on the left) and in the homogeneous shear (right). The same figure shows that the 
new form of similarity law is firmly established as indicated by the hollow symbols corresponding 
to the compensated plot of equation (16). 
Coming back to the issue of intermittency, the flatness of the random variable W(T), equa- 
tion (13), can be estimated in terms of the statistical properties of the dissipation field via the 
two similarity laws, equations (11) and (16). Fr om the classical RKSH, the flatness is expressed 
by equation (14) while the new similarity law yields equation (18). These two estimates are 
compared against the direct measure of the flatness provided by equation (13) in Figure 13, both 
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2.5 
(a) Compensated plot for equation (11) vs. r/n (filled 
circles) for p = 6 and corresponding plot for equa 
tion (16) (open circles) for p = 4 in the buffer region 
of turbulent channel flow. 
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(b) Compensated plot for equation (11) vs. r/n (filled 
circles) for p = 6 and corresponding plot for equa- 
tion (16) (open circles) for p = 4 in the homogeneous 
shear flow. 
Figure 12. 
for the turbulent channel flow and the homogeneous shear flow. As the data clearly indicate, 
the wrong choice of the classical similarity law, equation (14), involves an underestimate of the 
level of intermittency for the buffer region and the homogeneous shear flow. The use of the 
proper form of similarity law, equation (18), correctly predicts the intermittency. Clearly, the 
classical RKSH, equation (14), provides the correct estimate of the flatness in the bulk region of 
the turbulent channel flow and, Figure 14, in homogeneous and isotropic turbulence. 
5. CONCLUDING REMARKS 
Several properties of intermittent fluctuations in homogeneous nonisotropic conditions have 
been discussed for channel flow and homogeneous shear turbulence. High resolution DNS and 
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Figure 14. Flatness in homogeneous isotropic turbulence computed using equa- 
tion (13) (solid line), equation (14) (open triangles), and equation (18) (open circles). 
long time integrations have been able to show that strong shears are responsible for intermittency 
increase. Our main conclusions can be summarized as follows. 
(4 
(b) 
The refined Kolmogorov similarity hypothesis, linking the statistical behavior of E, with 
SV3(~), show a clear failure in shear flows for sufficiently large values of the shear S. More 
precisely, we have shown that at scales larger than the shear length the RKSH is broken. 
This result is nontrivial as it has been questioned several times in the literature whether 
the RKSH has a deep dynamical meaning or it is simply a kinematic statement. 
In the presence of strong enough shear and for r > L, a new form of RKSH is established, 
namely 
@VZP(~)) c( JeJ 
@V2(TNP wp 
(24) 
The new form of RKSH explains the increase of intermittency observed in the buffer region 
of turbulent channel flow and in the homogeneous shear flow. Our DNS data accurately 
support the new form of RKSH. We stress that our findings may be of relevance for large 
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eddy simulation. Actually, following [15] and our discussion in Sections 2 and 4, we can 
write 
( [fiv3(r) + rA(r)SGV2(r)]“) 0: ($) 9, (25) 
where A(r) is a dimensionless function of T. Equation (25) implies that 
SV3(r) + rA(r)SbV2(r) N cTr, (26) 
where the symbol N means that the statistical properties of the right-hand side are the 
same as those of the left-hand side. Using equation (26) &e can estimate the eddy 
viscosity VE as a function of the filtering scale A, by simply replacing E, with EA = 
~E(A)W~(A)/A~. As a final result we obtain 
Z/~(A) = SA2A(A) + AW(A). (27) 
Equation (27) generalizes the well-known phenomenological expression for vE(A), namely 
ME = A&‘(A), in the presence of shear S. 
For A in the inertial range A(A) + const and (27) suggests that small fluctuation of 
W(A) does not contribute to uE(A) for sufficiently large value of the shear S, as it occurs 
in the buffer layer of a turbulent channel flow. A systematic analysis of (27) is still open 
to further studies. 
(c) Following the new form of RKSH, we can deduce that 
h4 = Pm + ;@I, (28) 
where t(p) are the anomalous exponents of the velocity structure functions and F(p) are 
the anomalous exponents of the energy dissipation measured in terms of (SV3). Equa- 
tion (28) should be compared with the analogous expression which holds in homogeneous 
and isotropic turbulence, namely 
&3P) = Pi(3) + f(P)l (29) 
where, because of the Kolmogorov four-fifths law, C(3) = 1. Using ESS, we have been 
able to estimate the anomalous exponents t(p) in strong shear flow conditions. Next, by 
using (28), we have estimated F(p). Such values, according to our DNS data, are quite 
close to those observed in homogeneous and isotropic. turbulence. It follows that, according 
to the results described in Section 4, the statistical properties of the energy fluctuations t, 
are rather independent of the shear effect. This is an important issue which, if confirmed 
by further numerical and experimental data, implies that the statistical properties of the 
energy flux are independent of the detailed mechanism of energy dissipation. 
Finally, we remark that although our conclusions are derived by DNS data at low Reynolds 
number, preliminary experimental results [16,17] seem to support quite strongly the theoretical 
and phenomenological results presented in Sections 2 and 4. 
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